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@ Method for control of flow cytometer having vacuum driven flow.

@ The present invention relates to a system for
controlling the movement or transport of objects
such as cells and other particles in a moving liquid
stream. More particularly the invention relates to a
system including a vacuum pump which pulls the
sheath fluid from an open supply reservoir through a
flow cell assembly where cell analysis occurs and
discharges the flow cell effluent to an open waste
reservoir. A pressure drop is created through the
conduit leading from the supply reservoir to the flow
cell which aspirates the cell suspension from an
open sample vessel into and through the flow cell.
The vacuum is regulated by controlling the electric
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power applied to the vacuum pump motor. Starting,
stopping, reverse flushing, and draining of the flow
cell assembly are controlled by programming the
operation of four electric solenoid valves in fluid
communication with the flow cell inlet and outlet
passages, the operation of a reverse flush pump
and, the operation of an electrically controlled tube
lifter. A deaerator is provided to remove some of the
air dissolved in the sheath fluid provided to the flow
cell assembly to prevent the release of air and
formation of adherent air bubbles in sensitive areas
of the flow cell assembly.
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This is a continuation-in-part of my prior ap-
plication Serial No. 07/989,622, filed December 14,
1992.

Field of the Invention

The present invention relates to a system for
controlling a flow cytometry process in which cells
and other particles suspended in a moving liquid
stream, or sheath fluid, are measured and/or sepa-
rated. More particularly the invention relates to a
flow cytometer control system driven by a vacuum
pump in which the starting, stopping and draining
of the flow cell is controlled by programming the
operation of four solenoid-actuated valves connect-
ed to the inlet and outlet conduits of the flow cell
and the operation of an electrically controlled cell
sample tube lifter and operation of pressure pump
which back flushes the sample introduction conduit.
A flow restrictor creates a pressure drop in the
sheath fluid flow between the supply reservoir and
the flow cell developing a vacuum which aspirates
cell sample from an open cuvette or tube into and
through the flow cell.

Background Art

Flow cytometry, the measurement of cells in a
moving liquid stream, is a valuable analysis tool in
research laboratories. Conventional flow cytometry
devices for sorting objects such as cells and par-
ticles basically consist of a liquid stream forming a
sheath fluid into which cell sample is introduced
then focused through an orifice. As the objects
pass through the orifice, particular characteristics of
the objects are determined based upon the analyz-
ing or counting capabilities of the device. Usually,
the device can sort or count at high speeds, col-
lecting tens of thousands of the objects based on a
variety of chemical and physical characteristics
such as size, granulation of the cytoplasm and
presentation of specific antigens. Accordingly,
there has been considerable interest in flow
cytometry to sort objects for subseqguent analysis.

One commercially available flow cytometer
which relies on a hydrodynamically focused fluid
system is known as the FACScan TM instrument
sold by Becton Dickinson Immunocytometry Sys-
tems, San Jose, California. The FACScan TM in-
strument rapidly analyzes cells on the basis of
fluorescence and light scatter properties. Analysis
is accomplished by introducing cells in a suspen-
sion 1o the center of a focused liquid stream thus
causing them to pass, one at a time, through a
focused light from a high powered laser. Each cell
is individually characterized by its light scatter sig-
nals and by the intensity and color of fluorescence
emitted while it is illuminated. This system is de-
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scribed in U.S. Patent 4,844,610 issued Jul. 4,
1989 to North, U.S. Patent 5,030, 022 issued Jul. 9,
1991 to North and U.S. Patent No. 5,040,820 is-
sued Aug. 20, 1991 to North.

Typically flow cytometers systems have been
implemented as pressure driven fluidics systems
driven by pressure pumps. However, pressure
driven systems have proven disadvantageous in
that system leaks produce sprays of sheath fluid
which may expose the operator to bio-hazardous
substances and cause damage to optical and elec-
fronic components of the instrument. Regulatory
valves required to control pressure driven cytome-
try systems tend to become clogged with blood
cells causing the valves to stick or otherwise mal-
function. In addition, the design of pressure driven
fluidics systems is more complicated than is the
design of vacuum driven fluidics systems since
pressure driven systems require the use of pres-
surized connections for the supply reservoir and for
other features necessary for the system to with-
stand high system pressure levels. Pressure driven
systems also require the sample vessel to sealably
engage the flow cell assembly. Removal of the
sample vessel can produce hazardous aerosols
and back flow dripping of bio-hazardous fluids.

Thus, a vacuum driven flow cytometry system
provides many advantages over a pressure driven
system. The design of the supply reservoir is
greatly simplified, not requiring the use of pres-
surizing connections, and can be refilled by gravity
drain from a elevated supply vessel. In addition,
there is no back-flow drip from the cell sample
uptake tube, used to introduce the cell sample into
the sheath fluid flow, which may expose the oper-
ator to bio-hazardous substances. Cell sample ves-
sels do not have to be pressurized or sealably
engage the instrument to contain the system fluid
allowing a new freedom of design in terms of the
size and shape of the cell sample vessel. This
freedom of design facilitates the design of auxiliary
equipment, such as automatic tube lifters, which
improve cell sample presentation. Another advan-
tage realized is that the descent of the tube lifter
can be prolonged allowing fluid residue from the
sample uptake tube to drain into the cell sample
vessel| thus minimizing cell sample carryover which
could skew test results of subsequent test runs.
Finally, use of vacuum driven fluidics provides the
opportunity to design a system in which the pump
is utilized on a "demand" basis, being turned off
once the system has reached a predetermined
system vacuum or pressure level thus increasing
the service life of the pump.

A major problem encountered in the develop-
ment of a vacuum driven flow cytometer is the
creation of air pbubbles in the sheath fluid as the
system pressure level is reduced to a level below
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atmospheric pressure. Air dissolved in the sheath
fluid at atmospheric pressure comes out of solution
when the sheath fluid is subjected to a vacuum.
The bubbles lodge in froublesome areas such as in
the analysis region of the flow cell. The bubbles
may deflect cells from their proper frajectory
through the illuminated area or analysis region of
the flow cell. The present invention solves this
problem through the use of a deaerator connected
to the intake passage of the flow cell which re-
moves much of the air dissolved in the sheath fluid.

Another problem presented in the development
of a vacuum driven flow cytometer is air being
drawn into the flow cell by the residual vacuum
remaining in the flow cell at the end of the test
cycle. Thus, a means is required fo equalize the
vacuum developed in the flow cell thereby prevent-
ing air from being drawn into the flow cell. This
problem is solved by providing a valve, connected
to an outlet passage of the flow cell, which vents
the flow cell to atmospheric pressure as the tube
lifter is descending thereby preventing air from
being drawn into the flow cell. Computer control of
valve actuation and the rate of descent of the tube
lifter allows synchronous programmed control of
the timing of these components. A rate of tube lifter
descent which is sufficiently slow to permit the flow
cell to fully vent before the uptake tube is removed
from the analysis region is specified in pro-
grammed conirol.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention
to provide a system architecture and related meth-
od for control of a flow cytometer process having
vacuum fluidics. The present invention provides
many advantages over existing cytometers which
use pressure driven fluidics and valves to regulate
sheath and sample flow and which typically have
manual sample presentation.

Thus according to one aspect of the present
invention, a flow cytometer conirol system is de-
scribed which includes a flow cell with intake and
outlet passages, a vacuum pump for drawing the
sheath fluid through the flow cell and a flow restric-
tor, connected to the intake passage, for develop-
ing a pressure drop proximate to the cell sample
vessel which aspirates cell sample from the vessel
into the flow cell.

According to another aspect of the present
invention, a flow cytometer control system is de-
scribed which includes a first valve V1 connected
to the intake passage and second valve V2 con-
nected to an outlet passage wherein opening valve
V2 a predetermined time Ty before opening valve
V1 allows cell sample to be pulled through the flow
cell for a brief period with full system vacuum
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before the sheath fluid flow is begun thereby
"boosting™ the cell sample concentration through
the orifice or cell analysis portion of the flow cell to
the normal sample flow rate more rapidly.

According to another aspect of the present
invention, a control system is described which in-
cludes a vacuum sensor connected to an outlet of
the flow cell for sensing the pressure or vacuum
level of the sheath fluid and a driver for regulating
power delivered to the vacuum pump motor. A
solid state circuit, coupled to the vacuum sensor
and the motor driver, is provided for controlling the
operation of the motor driver based on the system
vacuum level at the outlet of the flow cell. Power
delivered to the vacuum pump motor is modulated
to adjust the vacuum level to a predetermined fixed
value.

According to ancther aspect of the present
invention, a control system is described for a vacu-
um driven system which includes a deaerator for
removing gas dissolved in the sheath fluid which is
released by the lower pressure level of the vacuum
drive.

According to another aspect of the present
invention, a processor controlled automatic tube
lifter is described which permits a slow rate of tube
descent allowing the external residue on the sam-
ple uptake tube fo drain into the cell sample vessel
thereby reducing carryover of cell sample between
test cycles.

According to another aspect of the present
invention, a control system is described which in-
cludes a third valve V3 for venting the flow cell to
atmospheric pressure as the tube lifter descends
thereby equalizing the vacuum developed in the
flow cell to prevent air from being drawn into the
flow cell through the sample injection tube.

According to ancther aspect of the present
invention, a method for controlling a cytometer
system is described which includes the steps of
providing a flow cell which is connected to a sheath
fluid system and driven by a vacuum pump, as-
pirating the cell sample into the flow cell for a
predetermined time Ti to boost the cell sample
flow rate through the flow cell, then circulating
sheath fluid through the flow cell for cell analysis.
The additional step of reverse-flushing the flow cell
to minimize carryover of residual cell sample and
contaminants which could skew test results is also
described. Control of the speed of tube lifter de-
scent is provided for operator convenience, en-
hancing his ability to control the system in opti-
mum fashion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the fluid-
ics design of the present invention, the flow
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cytometer control system.

FIG. 2 is a block diagram of the computer
confrol for the present invention.

FIGS. 3A AND 3B are a logic flow diagram
depicting method steps for the computer control
of valves V1-V4, the reverse-flush pump, and
the tube lifter.

FIG 4 is a timing diagram depicting the opera-
tion of valves V1-V4.

FIG. 5 is a circuit diagram depicting the closed
loop control for the vacuum pump and discharge
pressure switch.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings wherein like
reference numerals are used to reference identical
components in various views, FIG. 1 is a schematic
representation of the fluidics of the present inven-
tion, flow cytometer control system, generally de-
noted by the numeral 10. System pressure or
vacuum is developed by a vacuum pump 12, which
draws sheath fluid from a supply reservoir 14
through a flow cell assembly 16 where cell sample
is introduced and cell analysis occurs. Waste ef-
fluent is then discharged into a waste reservoir 18.
The sheath fluid from supply reservoir 14 is puri-
fied before entering flow cell assembly 16 by draw-
ing it through a 0.45 micron saline filter 20. A
manual tubing pinch valve 22, provided in an outlet
passage of the saline filter 20, is opened to bleed
off air trapped in the saline filter 20. A KNF
Neuberger Pump Model NF30KVDC is selected for
use as vacuum pump 12 because it is self priming
and because an identical pump can be used as
pressure pump 76 which drives the deaerator 34
thus minimizing the number of components needed
in stock to manufacture the invention.

Flow cell assembly 16 includes an intake pas-
sage 24 and first and second outlet passages 26
and 28, respectively. Within the flow cell assembly
16, sheath fluid is focused through a cell analysis
region 30. A test sample containing objects, usually
tens of thousands of blood cells, is analyzed by
counting or sorting the cells at high speeds based
on a variety of chemical and physical characteris-
tics such as size, granulation of the cytoplasm and
the presence of specific antigens.

The vacuum level of the flow cytometer control
system 10 is regulated 10 a fixed value by modulat-
ing the power delivered to the motor of the vacuum
pump 12 based upon the system vacuum level
sensed by a vacuum sensor 32 which is connected
to the first and second outlet passages, 26 and 28,
of the flow cell assembly 16. Pulsations in vacuum
level are attenuated by a pulsation damper 34
which can be a jar with an internal volume many
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times (10 to 1000 times) the stroke volume of the
vacuum pump which is preferably a piston type
with inlet and outlet check valves. Normally closed
vacuum pump discharge pressure switch 36, for
example Air Logic Switch Model F4100-100-50W,
is connected in series with the motor of vacuum
pump 12 to prevent excessive pump discharge
pressure which could cause leaks or damage to
vacuum pump 12. Pressure switch 36 shuts off the
vacuum pump 12 when the waste reservoir 18 is
removed. The quick disconnect device 38 seals off
the flow cytometer control system 10 when the
waste reservoir 18 is removed. Vent filters 40, for
example 0.2 micron TEFLON filters, are provided
on the supply reservoir 14 and on the waste reser-
voir 18 to contain aerosols and prevent fluid spill-
age when the reservoirs 14 and 18 are handled
outside of the instrument. A remote discharge con-
nection 42 may replace the waste reservoir 18,
eliminating the need for the operator to handle
hazardous waste fluid containers.

Providing a flow cytometer system which is
driven by a vacuum pump proves advantageous in
that the sheath fluid supply reservoir 14 is not
pressurized allowing a simple, inexpensive design
without pressurized connections or other features
which are required to provide a positive system
pressure. The supply reservoir 14 can also be
refilled by gravity drain from a superior supply
vessel and waste sheath fluid may be discharged
to a remotely located disposal site without affecting
the operation of the system. The remote discharge
feature eliminates the need for the operator to
empty the waste reservoir 18 which may expose
the operator to bio-hazardous material. In addition,
system leaks do not produce sprays of sheath fluid
which can damage optical, electronic, or other
components of the test instrument.

The cell sample is drawn into the flow cell
assembly 16 through a sample uptake tube 44. The
cell sample vessel 46 is placed in a tube lifter 48
which is raised toward the flow cell assembly 16
until the sample uptake tube 44 is immersed in the
sample contained within cell sample vessel 46. A
flow resistor 50, which may comprise a piece of
conduit of a fixed length with a reduced inside
diameter or a needle valve, creates a pressure
drop in the conduit leading to flow cell assembly
16 thereby developing a vacuum proximate to the
flow cell assembly 16 which aspirates the sample
from the cell sample vessel 46, usually an test tube
or cuvette, into the flow cell assembly 16 at the
proper rate. The use of vacuum driven fluidics
proves advantageous in that dripping of the sheath
fluid from the sample uptake tube 44 (which could
produce bio-hazardous conditions) is avoided.
Therefore, auxiliary devices to contain the drip from
the sample uptake tube 44 after a test run are not
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required. In addition, cell sample vessels do not
have to be pressurized or to sealably engage the
flow cell assembly 16 thereby allowing freedom of
design in terms of the size and shape of the cell
sample vessel 46 and freedom of choice in terms
of designing a means for cell sample presentation.

The deaerator 34 is length of thin walled sili-
cone rubber tubing. The sheath fluid flows inside
the tubing while the outside of the tubing is ex-
posed to the full system vacuum level. Because
silicone rubber is permeable to the passage of air,
with its major components of oxygen and nitrogen,
these gases diffuse through the silicone rubber
tubing and are drawn off by the system vacuum.
To construct the deaerator 34, a length of silicone
rubber tubing is coiled up inside a 4 oz plastic jar.
The system vacuum is applied to the jar interior
which then also serves as the pulsation damper 34.
The tubing is medical grade Dow Corning tubing
with 0.132 inch inside diameter, 0.183 outside di-
ameter and a length of 50 inches. Tested at a
system vacuum of 0.3 of an atmosphere, this tub-
ing has twice the needed capacity to deaerate the
sheath fluid so that no bubbles are formed in the
flow cell inlet regions.

The tube lifter 48 is a linear motion device
which travels from a bottom position, where the cell
sample vessel 46 is installed or removed conve-
niently by the operator, to an upward position over
a distance of about five inches. In the upward
position, the tube lifter 48 presents the cell sample
vesse! 46 to the sample uptake tube 44 through
which the cell sample is aspirated from the cell
sample vessel 46 into the flow cell assembly 16.
The tube lifter 48 is guided on a rod during its
linear travel and is driven upward and downward by
a small DC motor operating through a gear frain
with a rack and pinion to produce the linear motion.
Its extremes of travel are sensed by opto-interrup-
tive devices which sense the interruption of an
optical beam by a sheet metal flag on the carriage
of the tube lifter 48 when the tube lifter 48 has
traveled to the top or bottom position. These sens-
ing devices are positioned at both the top and
bottom positions which causes the power to the
motor of tube lifter 48 to be shut off. The carriage
of tube lifter 48 remains in the down position by
gravity when no voltage is applied to the motor of
tube lifter 48. The carriage of tube lifter 48 is held
in the upward position by a retaining magnet.

Four normally-closed solenoid-actuated valves
V1-V4, 52, 54, 56, 58 respectively, are connected
to the flow cell assembly 16 to provide control of
fluid flow. V1 is connected to the intake passage 24
of flow cell assembly 16. V2 54 is connected to the
first outlet passage 26 of the flow cell assembly 16
and to the vacuum pump 12 providing communica-
tion between the flow cell assembly 16 and the
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waste reservoir 18. V3 56, also connected to the
first outlet passage 26, vents to atmospheric pres-
sure. V4 58, is connected to the second outlet
passage 28 of flow cell assembly 16 providing a
communication path through the flow cell assembly
16 to waste reservoir 18.

FIG. 2 is a schematic representation of the
computer control system for the flow cytometer
control system. The computer control system 60
includes microprocessor unit 62 comprises a single
circuit board mounted inside the instrument cabinet
of the flow cytometer control system 10. Operator
access switches 64-68 actuate RUN, STOP (STAN-
DBY) and DRAIN test modes, respectively. The
micro-processor unit 62, for example Intel 286,
may also be used for automatic control. During
STOP (STANDBY) mode, all the valves V1-V4 52,
54, 56, 58 are closed. During normal test RUN
mode, V1 52 and V2 54 are open permitting sheath
fluid to flow through the flow cell assembly 16. The
sheath fluid is then discharged as effluent into
waste reservoir 18. Valves V3 56 and V4 58 are
opened by actuating the DRAIN operator access
switch 68 to provide an alternative communication
path through the cell analysis region 30 of the flow
cell assembly 16 to waste reservoir 18. During
DRAIN mode, the flow cell assembly 16 is drained
to clear clogs and remove gas bubbles trapped in
the flow cell assembly 16. Opening valves V3 56
and V4 58 allows air to enter the flow cell and fluid
to exit through valve V4 58. An air flow restrictor 50
with a protective filter is provided between valve V3
56 and the atmospheric inlet to limit airflow during
the DRAIN mode to a value less than the vacuum
pump capacity so that the system vacuum or pres-
sure level can be maintained.

Actuation of an operator access swilches 64-
68, designating RUN, STOP (STANDBY), and
DRAIN modes respectively, by the operator causes
the micro-processor unit 62 to output control sig-
nals which energize the appropriate combination of
valves V1-V4 52-58 and which appropriately posi-
tion the tube lifter 48 and which energize the re-
verse flush pump 76 to implement a desired test
mode. Computer control allows valve actuation tim-
ing, tube lifter ascent and descent timing and re-
verse flush pump timing to be specified in com-
puter programs which are downloaded into the
micro-processor unit 62 from the storage medium
72. The storage medium 72 may be provided, for
example, by a floppy disk inserted into a floppy
disk drive 74 which is also contained in the com-
puter control system 60. Programmed control of
the solenoid-actuated valves V1-V4 52-58, the tube
lifter 48 and the reverse flush pump 76 allows the
designer to finely tune the component actuation
timing to optimize the fluidics performance of the
overall system thereby minimizing cell sample car-
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ryover, optimizing auto-boost of the cell sample
flow rate and achieving stabilization of system
vacuum level and fluid flow.

FIGS. 3A and 3B are a flow diagram depicting
the method steps for computer program control of
the present invention, the flow cytometer control
system including valves V1-V4 52-58, the reverse
or back-flush pressure pump 76, and the tube lifter
48. FIG 4 is a fiming diagram depicting the en-
ergized states of these components during normal
test RUN cycle. As shown in FIG. 3A, the method
of the present invention begins in step 100 by
placing a new sample contained in a cell sample
vessel 46 into the tube lifter 48 and the RUN switch
64 is actuated by the operator. In step 102, the
tube lifter up (TLU) line 47 is energized causing the
tube lifter 48 to be driven upward for 59 computer
ticks (each computer tick is equal to 18 seconds)
or approximately 3 seconds. This completes the
upward ascent of the tube lifter. The tube lifter is
maintained in the up position by a retaining mag-
net. In step 104, while the tube lifter 48 is main-
tained in the up position, valve V2 54 is energized
or opened for 18 computer ticks or one second to
perform the auto-boost function wherein the cell
sample is aspirated from the cell sample vessel 46
at 5 fo 7 times the normal rate to boost the cell
sample flow rate through the analysis region 30 to
the normal test level more rapidly. In step 106,
valve V1 52 is energized for 126 computer ticks or
7 seconds, while the tube lifter is maintained in its
upward position and V2 54 remains open. After
this, data acquisition begins in step 108 for what-
ever period is necessary for the particular test
being run while V1 52 and V2 54 remain energized
and the tube lifter 48 is maintained in its up posi-
tion. The data acquisition period of step 108 in-
cludes a period for the system to reach full sta-
bilization of the sheath and sample flows, for exam-
ple seven seconds.

Data acquisition is terminated, either by com-
puter control or by the operator pressing the STOP
operator access switch 66 in step 110 of FIG. 3B.
In step 112, valves V1 52 and V2 54 are each
maintained in the energized or open position, the
tube lifter 48 is maintained in its upward position
while the reverse flush pump 76 is energized 1o
perform the reverse flush cycle for 36 computer
ticks or 2 seconds. In step 114, for the next 2
computer ticks or just 0.1 seconds, while valves V1
52 and V2 54 are still energized or open, the tube
lifter down line 49 is energized to begin the de-
scent of the tube lifter 48. The tube lifter down
(TLD) line causes the tube lifter 48 to be driven
downward. In step 116, the tube lifter down line 49
is deenergized while valves V1 52 and V2 54 are
still maintained in an energized or open condition
for 54 computer ticks or 3 seconds. During this
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time, the tube lifter 48 continues a slow descent
begun in the previous step 114 in which the tube
lifter line 48 was energized for just 0.1 second. The
slow descent of the tube lifter 48 allows the cell
sample vessel 46 to slowly separate from the cell
sample uptake tube 44 and the residual cell sam-
ple to drain from the cell sample uptake tube 44
back into the descending cell sample vessel 46.
Finally, in step 118, valves V1 52 and V2 54 are
deenergized or closed while valve V3 56, the at-
mospheric inlet valve, is energized or opened and
the tube lifter down line 49 is energized for 54
computer ficks or 3 seconds driving the tube lifter
48 downward. The tube lifter 48 stops automatically
and valve V3 56 is deenergized as the cycle termi-
nates. This sequence of events is also depicted in
the computer control timing diagram of FIG. 4.

The solid state control circuit for the vacuum
pump is depicted in FIG. 5. Operational amplifier
80 accepts input signals from vacuum sensor 32,
connected to the inlet of pulsation damper 34.
Vacuum sensor 32 monitors the over-all system
vacuum or pressure level. The vacuum sensor 32
incorporates a diaphragm of a piezoresistive ma-
terial which generates a proportional voltage when
deflected in response to the system pressure or
vacuum level. The output from vacuum sensor 32
is modeled in the form of a Wheatstone Bridge
which is energized at terminals 1 and 3 from a 12V
power source 78. The Wheatstone bridge is picked
up on balance from terminals 2 and 4 and applied
to the terminals of operational amplifier 80, which
has a feedback resistor 82 of 100K Ohms. The
output of operational amplifier 82 at pin 1 is a
voltage which has a proportional linear relationship
to the system pressure or vacuum level (volt-
age/pressure). The output of the operational am-
plifier 80 is applied to the paositive input terminal of
operational amplifier 84. Potentiometer 86 ranges
from a positive 12V setling to a zero voltage setting
and acts as the vacuum setting level control which
is applied to the negative input terminal of oper-
ational amplifier 84. Operational amplifier 84 acts
as a comparator to determine which input voltage
is greater.

If the vacuum level is inadequate, the current
from operational amplifier 84 drives motor driver 70
(Power MOSFET), to output more current to the
motor of vacuum pump 12 to drive it faster and
harder in an effort to bring the system vacuum
level up to the data level set by the potentiometer
86. This scheme provides utilization of the full drive
voltage (to within a few tenths of a volt) from the
motor of vacuum pump 12. The "no load” to "full
load™ ratio provide has been found to be within
approximately 3% of the vacuum setting. The
vacuum level is set to approximately 4.5 psi vacu-
um below atmospheric pressure at the factory.
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The discharge pressure switch 36 is normally
closed. If there is no pressure at the discharge of
the vacuum pump 12 then discharge pressure
switch 36 remains closed and the vacuum pump
control circuit functions normally. If excessive pres-
sure builds up at the discharge conduit of the
vacuum pump 12, then discharge pressure switch
36 opens the circuit, disconnecting power from the
vacuum pump 12. Such an excessive pressure
condition may occur when then the waste reservoir
18 is removed. In this event, quick disconnect
device 38 seals off the conduit so that the system
begins to output effluent into a dead-end passage
thereby building up pressure. Provision of dis-
charge pressure switch 36 prevents the motor of
vacuum pump 12 from burning out or from spray-
ing effluent saline solution into the environment.

Vacuum sensor 32 may be provided by
Motorola Vacuum Sensor Model MPX2051. Motor
driver 70 is provided, for example, by Power MOS-
FET Model 1RF513 One advantage of regulating
power delivery to the motor of vacuum pump 12
based on a preselected system vacuum level is
that the vacuum pump 12 runs only when required
as a "demand" component. Thus, the vacuum
pump 12 need not run at all during instrument
STANDBY mode when no sheath fluid flows and
may run only a few percent of the rated speed
during normal test RUN mode thereby extending
the life of the vacuum pump 12. The identical
pump model is utilized as both the vacuum pump
12 and the pressure pump 76. This pump may be
provided, for example by KNF Neuberger, Model
NF30KVDC. The selection of this pump is based
on the fact that it is self priming. When the system
is first energized, the pump must be able to pull air
through the system conduits followed some sec-
onds later by pulling liquid to create the normal
vacuum cycle. To perform this function, the vacu-
um pump must be "self-priming.” In addition, when
the pump is used as pressure pump 76, it must be
able to flow the sheath fluid when in a non-en-
ergized state and must thus have a low pressure
drop. The aforementioned model pump has very
small pressure drop check valves which allow the
fluid to be pulled through the pump without a great
pressure drop.

Claims

1. A flow cytometer control system for controlling
the delivery of a cell sample drawn through an
analysis region from a vessel, comprising:

a flow cell, in communication with said cell
sample vessel, for performing cell sample ana-
lysis;

an intake passage, connected to said flow
cell, providing an ingress communication path
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12

for sheath fluid into said flow cell;

first outlet passage, connected to said flow
cell, providing a first egress communication
path for said sheath fluid out of said flow cell;

a vacuum pump with motor means, in
vacuum communication with said first and sec-
ond outlet passage, for pulling said sheath fluid
through said flow cell; and

flow restrictor means, connected to said
intake passage, for developing a pressure drop
proximate to said cell sample vessel causing
cell sample to be aspirated from said vessel
into said flow cell.

The control system of claim 1, further compris-
ing;

a first valve, connected to said intake pas-
sage, for controlling the flow of said sheath
fluid into said flow cell;

a second valve, connected to said first
outlet passage, for controlling the flow of said
sheath fluid out of said flow cell;

wherein actuating said second valve per-
mits a vacuum to be developed through said
analysis region of said flow cell for a predeter-
mined time before actuating said first valve
thereby pulling cell sample through said flow
cell at a high predetermined cell sample flow
rate to boost sample flow into said analysis
region; and

processor means, connected to said first
and second valves, for controlling the actuation
of said first and second valves under pro-
grammed control.

The control system of claim 2, further compris-
ing:

a third valve, connected to said first outlet
passage and to the atmosphere, for providing
a communication path to atmospheric pressure
at such time that said tube lifter is descending
to substantially eliminate the vacuum devel-
oped in said flow cell thereby preventing air
from being drawn into said flow cell with no
sample being present;

sensor, connected to said first outlet pas-
sage, for sensing the vacuum level of said
sheath fluid;

driver means, coupled to said vacuum
pump motor, for regulation of power delivery {o
said vacuum pump motor; and

confroller means, coupled to said sensor
and said driver, for controlling the operation of
said driver based on said vacuum level;

whereby power delivery to said vacuum
pump motor may be modulated based on said
vacuum level 1o adjust said vacuum level to a
predetermined fixed value.
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The control system of claim 2, wherein said
first, second, third and fourth valves are sole-
noid actuated.

The control system of claim 1, further compris-
ing:

a deaerator, connected to said intake pas-
sage, for removing gas dissolved in said
sheath fluid, wherein said deaerator is made of
material which is permeable to oxygen and
nifrogen to allow these gases to diffuse
through its wall when exposed to said vacuum
level and wherein said deaerator is contained
within a jar which is exposed to said system
vacuum thereby serving to dampen the vacu-
um pulsations of said vacuum level.

The control system of claim 1, further compris-
ing:

a sample uptake tube, connected to said
flow cell, for providing a communication path
into said flow cell; and

a tube lifter, movably positioned a pre-
determined distance from said uptake tube, for
positioning said sample uptake tube inside
said cell sample vessel, the rate of descent of
said tube lifter being controlled by said proces-
SOr means;

whereby any external residue in said sam-
ple uptake tube is allowed to drain into said
cell sample vessel to reduce carryover of cell
sample between test cycles.

The control system of claim 1, further compris-
ing;

a supply reservoir connected to said first
intake passage; and

a waste reservoir connected to said first
and second outlet passages;

a pressure pump in fluid communication
with said intake passage; and

a first valve, connected to said intake pas-
sage, for controlling the flow of said sheath
fluid into said flow cell;

a second valve, in fluid communication
with said intake passage and said first outlet
passage, for controlling the flow of said sheath
fluid into and out of said flow cell;

wherein with simultaneous activation of
said first and second valves said pressure
pump flushes residual cell sample and con-
taminants from said flow cell, and wherein said
tube lifter, said pressure pump and said first
and second valves means are connected 1o
said processor means and are actuated under
programmed control.
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A method for controlling a cytometer system
having a flow cell for cell analysis with intake
and outlet passages connected to a sheath
fluid system driven by a vacuum pump, com-
prising the steps of:
(A) aspirating cell sample into said flow cell;
and
(B) passing sheath fluid through said flow
cell for cell analysis.

The method of claim 8, further comprising the
steps of:
(C) reverse-flushing said flow cell to mini-
mize carryover of cell sample and con-
taminants.

The method of claim 9, wherein step (A) is
performed by:

providing a first valve, connected to said
intake passage, and a second valve connected
fo said first outlet passage; and

energizing said second valve a predeter-
mined time before energizing said first valve to
develop a vacuum in said flow cell which as-
pirates said cell sample through said analysis
region at a predetermined flow rate;
wherein step (B) is performed by:

energizing said first valve to permit said
sheath fluid to flow through said analysis re-
gion; and
wherein step (C) is performed by:

energizing said first and second valves
and said reverse flush pump substantially si-
multaneously to permit sheath fluid flow
through said flow cell thereby to flush cell
sample and contaminants from the flow cell.
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